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INTRODUCTION 

For an insect so commonly injurious and iridely known as the army 
worm {Heliophila) Cirpkis unipuncta Haworth, comparatively little con- 
cerning its life economy is recorded, and the detailed experiments herein 
reported represent phases of the more exact studies begun by this 
branch of the Bureau of Entomology. 

Late in July, 1914, the army worm appeared in very destructive num- 
bers in Huron and Sanilac Counties, Mich., and from the progeny of 
larva collected in that locality eggs and larvae were obtained with which 
a series of molting and feeding experiments was started at La Fayette, 
Ind. The feeding experiments, where exact records of the amount of 
com foliage eaten in each instar were kept, arc especially interesting and 
instructive, for it will be noticed that more than 80 per cent of all the 
foliage eaten during the entire life of the lar\’a was consumed during the 
last larval instar, which corroborates previous field obser\-ations to the 
effect that army worms rarely become e\ndent and destructive until 
they are nearly full grown. 

GENERATIONS OF THE ARMY WORM 

During the past year (1915) Cirphis unipuiicia was bred continuously 
throughout the season from moths collected from May 13 to 15, to deter- 
mine the average number of generations annually. Moths of C. uni- 
puncta were first observed at La Fayette the night of May 13 feeding on 
the honeydew produced by Pulvinaria vitis L.,^ Leainiurn quereijex 
Fitch, ^ and Callipterus discolor Monl. on white oak, and it is quite likely 
that these moths were the adults of lar\'ae ovcr\nntering in this latitude. 
Moths were placed in large breeding cages under natural outdoor 
conditions, and eggs were laid and the larVcC first observed on June 7 - 
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Pupae were found in the cage on June 27 and the adult moths be»an 
issue on July 8, The generation series was continued in another 
in which moths issued from July 8 to 10, eggs were found on Julv 
larvae as early as July 20, and the first adults on August 30. Tbf^' 
adults, issuing between August 30 and September 8, were similarly cod 
fined, and eggs were first noticed on September 25 and larv^ on Septem 
ber 28. During the winter of 1915-16 they survived as partially groivn 
larvse and completed their growth in April, 1916. Thus, it is obsened 
that in the latitude of Fayette three complete generations may occur 
annually, and from numerous observations of 1914 and 1915 it ig 
dent that in some seasons a partial fourth generation may be present 
Likewise, the overlapping of generations may account for a partial 
fourth, although a complete fourth generation is seldom, if ever pro- 
duced in this latitude. 

molting and feeding habits 

The records of molts and of foliage eaten were made with lar\-® con- 
fined in individual cages, three types of cages being used, namelv tin 
boxes, glass test tubes, and lantern globes (PI. CVII, A). The tin boxes 
used for individuals i to 48 and 77 to 132 were of the common salve-box 
type, a i -ounce size being used for the earlier stages and a 3-ounce size 
after the larvje were about half grown. Individuals 49 to 76, inclusive, 
were reared in ordinary lantern-globe cages, with cheesecloth tops, placed 
on paper-padded saucers and containing com foliage in bottles of water, 
Individuals 133 to 153 were reared in cotton-stoppered test tubes, which 
measured approximately 6 inches in length and r inch in diameter, 
smaller vials having been used for the first few instars. A single larva 
recently hatched was placed in each cage and fresh corn foliage given it 
as necessary. Frequent examinations were made to obtain as nearly as 
possible the exact hour of molting. Foliage uneaten was pressed, and 
from this the total amount eaten was computed for each larval instar, 
using for this purpose ordinary plotting paper squared to hundredths of 
an inch, by means of whicli a fairly accurate record of foliage eaten to 
thousandths of a square inch was obtained.^ 

The tin-box cages, i 1048 and 77 to 103, were kept indoors, and the 
lantern-globe cages, 49 to 76, and vial cages, 133 to 153, were kept on a 
latticed porch and were therefore under more nearly normal outdoor con- 
ditions. As the experiments were conducted for the most part during 
September and October, the nights were much cooler for the individuals 
on the porch, resulting in a noticeably longer life-cycle period for these 
than for the individuals kept indoors, where the coolness of the nights 
was much less evident. 

1 The authors take this occasion to acknowledge their indebtedness to Mr. 1). O. Tower, of th< 

Cereal aud Kurage luseit InvestiKations, tvho assisted in measurini; the pressed foliage and la ma 
counts of eggs in the bodies of the moths. 
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For a summary of the data relative to the length of the various stages 
of unipuficio and for the amount of foliage eaten in eaeh instar, 

the reader is referred to Table !.■ It will be noticed that the average 
lengths of the different stages for individuals in the lantern-globe cages 
and in glass vials were noticeably longer than for individuals reared in 
the tin boxes. This was not due to the difference in t he style of cage, but 
can be accounted for, as mentioned above, by the fact that the lantern- 
globe and glass-vial cages were kept on a latticed porch, ivhere the night 
temperature was much lower than in the laboratory where the tin boxes 
were kept. It will be noticed that the length of the egg stage is uniform 
in all cases, as they were kept under like conditions, and the average for 
I individuals was between appro.ximatcly 5 and 6 K days. As will be 
noticed, the length of the first five larval instars did not vary greatly one 



Fig. Diasram (d relative amounts of foliage eaten in each larval instar by Cirphis unipuncta. 

from the other, although the amount of foliage eaten in each of these 
instars was a gradual increase from nearly 0.03 of a square inch for the 
first instar to over 5 square inches for the fifth instar. The period for 
the sixth larval instar was noticeably longer than in any of the previous 
instars, being approximately two and one-half times as long; and the 
amount of foliage eaten in this instar was nearly seven times as much as 
in the fifth instar, and more than 80 per cent of all of the foliage eaten 
during the entire larval period. In other words, the total amount of 
foliage eaten by the larva during its entire life, an average from 1 08 indi- 
viduals, was 41.394 square inches, and the average for the same individ- 
uals for the sixth instar alone was 34. 1 28 square inches (see Table I and 
%-i). The remarkable voracity of the army worm during its last larval 
instar explains its sudden appearance in such enormous and destructive 
numbers only when it is nearly full grown. 


Owing to Uie size of the tobies (pving complete data for each individual, it is impossible to include them 
with this paper, but they are on file and ma y be obtained for reference by anyone interested. 
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It will be noticed that the egg stage approximated 6 days, the lan-a 
stage required about 26 days, and the pupal stage 2t days for over 
individuals and that the average length of life cycle for these 
days. It will also be noticed that for the cages kept indoors which 
would approximate late spring, suminer, or early fall conditions, the total 
length of the larval period averaged about 23 days; that of the pu 
period about 17 days, and that of the entire life cycle approximately 
days; while for the individuals kept on the back porch, which appro^i' 
mated early spring or late fall conditions, the average length of the 
larval period was about 31 days, the pupal period 30 days, and the 
total life cycle approximately 68 days. The larva has six iustars 
molting five times previous to pupation. However, this may varv fyr 
among the 107 individuals reared through to the adult stage one had 
seven inslars, molting six times. 

In the outbreak in Michigan, which claimed attention in the latter 
part of July, 1914, oats, barley, com, grass, alfalfa, and beets were at- 
tacked in the order mentioned. Oats and barley were backward on 
account of an unusual June freeze and for this reason were more succulent 
and attractive to the anny wonns. In the case of small grains, especially 
oats, tile relative amount of injury was much greater in proportion to 
the amount of actual food eaten than for such crops as corn, for in the 
former case the grain was clipped from the stalks by the worms, Iea\ing 
most of the grain uneaten and the ground whitened with the grain heads. 

At the time of the outbreak mentioned above the corn was 2 feet in 
height. Montgomery ^ has shown that mature corn plants have a 
foliage area of 927.8 to 1,912.9 square inches, with an average of 
1,200 square inches. Corn plants 2 feet in height would have at the 
most not more than one-twelfth the foliage area of a mature plant; hence, 
it can be said with comparative assurance that a com plant such as 
was found in Michigan during the 1914 outbreak would have not more 
than 100 square inches of foliage. Since one larva would eat 414 
square inches, it would require five larvse to devour two corn plants, 
With 8,890 com plants to an acre {2}i plants to a hill and 2)4 
each way), it would require 21.473 worms to destroy an acre of corn 2 
feet in height. Although seemingly a large number of worms, this 
number represents only the progeny of probably not more than 40 


female moths. 

According to the observations of the writers, the. eggs laid at night in 
clusters of 25 to 134 on grass or other host plant between over- 
lapping leaves fastened together or l^etween the leaf sheaths, ofitn 
none of the eggs or only a small part of the mass being risibL 
(PI. eva, B). They are fixed to the leaf by means of a glutinous secre 
tion which when dry is white and flaky. The largest number of egg? 
laid by a single female was 254 (see Table II), and in all cases w^re 


■■ Montgomery, B- G. Correlation studies of corn. /« Kcbr. Agr. Exp. Sta. »4Ui Ann. Rpt • 
108-159, Ulus. 1911. 
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the body of the dead female was examined many mure eggs in all stages 
of development were found in the ovaries. In some cases more than 800 
developed and undeveloped eggs were contained in the body of a single 
female. 

The newly hatched larvse first eat the eggshells, but apparently do not 
eat the white substance by which the eggs were attached. Later they 
feed on the tissues of the corn leaf on which tliey arc resting, destroy the 
narenchyma, and leave the other leaf surface as a transparent mem- 
brane (PI- CVII.C). Later, they feed from the edge of the leaf, devouring 
all the leaf tissue. 

In the first instar the larvae, if slightly disturlx-d, give themselves a 
compound twist, ''humping” the body and drawing the head and 
thoracic segments around, bringing the ventral surface forward, and 
clinging by the pseudolegs and anal claspers. If further disturbed, they 
drop on a silken thread, and in this twisted position resemble balls of 
frass, losing all semblance of the larval form. Sometimes the larva 
contort themselves with a snap or (ling, without the silken attachment, 
which fact seemed to e.xplain the loss of an occasional individual in the 
experiments. 


Table n.—fiyyr /niif by indvddual females of Cirfhis tinifuncla at La I'ayetk, Ind., 
.4«9J£o/ to Scpianbir, igi 4 


Cane 

Np. 

Ayg. 

Aug. 

* 7 - 

Aug. 

jS. 

Aug. 

Aue. 

30- 

Aug. 

31- 

Scpt.|s*.iJt. 


1 : e ,-£5 

in 

.H. >1)1.' 

■ 1 »• |'‘>'■!d^'.!d 

TiiLd 

laid 

ami 









i 

: male 

bendy. 









1 1 









. •. 









3 4S 

■'si vj ].. 


269 





134 



• HI {') 


i 3 


1 .15 

1 ^>3 

} 



1 ! 


2St 

446 






















‘ Aljdionen t>[ ilead moth uot exauiiued. • Died. 


The use of a silk thread by lart'ai when disturbed occurred with less 
frequency in the second instar. xVfter dropping, the first -instar lan.-Ge 
remain inactive for a moment before attempting to crawl away; and in 
later insLars they swing the head or fore part of the body vigorously to 
one side and feign death. During the fifth molt, a disturbed lar\’a 
fdgned death for five minutes. 

During the first and second instars the lan’se walk in a looping manner, 
this characteristic is lost in the third and succeeding iiislars. 

As the larva approaches a moll, tlic condition is recognizable by the 
largeness of the body diameter as contrasted with that of tire head. W hen 
"ithin a few hours of the molt, the laiwa habitually anchors its anal 
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claspers to whatev'er it is resting upon, usually a rigid object rather than 
the foliage. In some cases — for more than 14 hours in the third instar 
21 hours in the fourth instar, and 56 hours in the fifth instar — before the 
molt occurs, the apparent movement of the ocelli may be observed from 
their normal position to a position entirely behind the mask and within 
the stretched integument of the first thoracic segment. Before the rup- 
ture of the integument takes place, the old mask is in the position of a 
muzzle in relation to the withdrawn head. The mask separates from the 
body integument, which splits along the median dorsal line for perhaps 
four segments. The larva moves its head vigorously from side to side and 
brushes tlic mask off against some object or its own body. The witli- 
drawal of the body from the integument begins with the tnuscular action 
of the body, the larv'a ultimately crawling forward a distance about one- 
fourth or one-half its length, and after resting thus for a time if undis- 
turbed, it will almost always turn around and eat its newly molted skin. 
In no instance was a mask observed to be eaten. Immediately after 
molting, the head and anal segments are white, the body and cast skin 
moist, and the head noticeably larger in diameter tlian the body. 

One larva was observed to eat its cast skin in four to four and one-fourth 
minutes. -Another, which required only three minutes, held the. cast skin 
with the front pair of legs, remaining stationary and pulling the skin to it, 
using the second yjair of legs to hold to the foliage for the first minute and 
utilizing them to help manipulate the partly eaten skin. -Another, in the 
third instar, took eight and one-half minutes to eat all but a trace of its 
freshly cast skin. It used its front legs almost continuously and the 
second pair of legs about half the time in holding the skin while eating it. 
Another had occupied about five minutes in this process when it ivas acci- 
dentally interrupted. 

When the mature larva has finished feeding, the alimentary tract is soon 
emptied and shortens up to a marked degree, the larva then preparing W 
spin a tliin cocoon. In nature the larva burrows into the ground or 
among or under trash. In the cages soil was supplied to some; others 
had only the paper on which they were lying, otliers were among corn 
foliage, and some had nothing whatever to utilize for a cell. In those 
instances where soil was supplied, the larva spun an appreciable ciuantity 
of silk as lining for its cell. AVhere paper was cut, the effort was appre- 
ciable, hut not enough silk was used to form more than a shallosv cup. 
Where there was foliage, it was chewed up and mixed with silk, but vito 
scant resemblance to a cocoon ; where no material was furnislied, the 
silk was not evident, although pupation and the issuance of adults 
seemed to be equally normal. 

Just before pupation a deep pit develops in the emarginatroti of lie 
posterior dorsal line of the mask, and transv'crse ridges on the dorse 
portion of abdominal segments 5, 6, and 7 show distirrctly through t le 
larval skin. These ridges, interrupted at the ends, are marked rut 20 
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to 22 teeth, wliich appear as transverse stria-. .Also the protlioracic 
spiracles of the pupa are observable just dorsad of those on the larva 
through the mesothoracic integument of the larva as red-brown chitinized 
spots. T'™ °r three minutes before the skin begins to split, the dorsum 
hf the second segment of the thorax had changed its shape conspicuously, 
su-^gesting a scutum or seutellum extension. The skin on the fifth and 
following abdominal segments appears to be shriveled up and ready to 
drop off about 15 minutes before pupation. A red mark observed on the 
clvpeus of the new pupa is not observable through the larval mask. 

Pupation, so far as the molt of the last larval skin is concerned, was 
observed to take place in about a minute. The integument splits along 
the median dorsal line of the thorax and the pupa vigorously works itself 
out. The mask splits along the inner seams of the genre, leaving a trian- 
gular piece above the clypeus, and the whole remains clinging to the cast 
skin after the pupa has escaped. The lining of the esophagus was cast 
with the mask. The compound eyes continued as dark spots on the new 
pupa for several minutes after the mask had split. The wing jiads at time 
of escape of pupa from exuvium — about four minutes after the mask first 
5plit_reached 8.25 mm. back from the apex of the head. The red-brown 
spot on the clypeus of the pupa is slightly above the ix)int from which the 
esophagus was cast. There was no apparent function for this spot. The 
protlioracic spiracles of the pupa are red-brown, as evidenced through the 
larval skin a few minutes before pupation, and those posterior lack the 
red color but have slightly dusky rims, About 14 minutes after the 
moltin" the wing pads reached 9.60 mm. back from the apex of the head. 
From other observations the color of the prothoracic spiracles of the pupa 
may vary to crimson and other spiracles to pinkish red or rosy with a fine 
line of dark red at the rim. 'I'lic pupa is at first cream-colored; in about 18 
minutes after issuing it is a pale salmon, and in 25 minutes it begins to get 
brown. After that it browns up rapidly, but one and one-fourth hours 
afterwards it has not become full mahogany brown. The anal spines 
appear to be very useful in "kicking off" the exuvium, .kbout 15 
minutes after pupation the fat body shows through the wing pads and is 
irregularly assembled at ends of abdominal segments. About 30 minutes 
after pupation the two abdominal segments next behind the wing ]iads 
are getting rosy bands, and the last three segments arc almost solidU t he 
same color. The donsiim of the abdomen is of a dark-rose color, with tv 0 
or three segments on the dorsal aspect having brown, rougheneil, cliiti- 
nized edges. .Mxmt 43 minutes after molting, the abcloinen behind the 
wing pads is nearly unifoniily rosy. The fat body now appears in rings 
through the wring pads. About one and one-fourth hours after pupation, 
the rose color gradually changes through rlark salmon to light red-brow n. 
The abdomen continues light red-brown for two and one fourth hours after, 
but no red has begun to appear on the wring pads. W ithin three and 
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three-fourths hours the abdominal segments are nearly the normal shinin? 
red-brown. ^ 

Immediately after puj^ation the pupa stretches itself longitudinalK- 
almost to bursting, remains so from 12 to 15 minutes, and has been 
observed to contract and then extend itself again before resumin-v ^ 
natural appearance. On three pupae immediately after pupation there 
was a transverse red-brown mark on the cl3T)eus near its base and between 
the compound eyes. Each of these pupae, while nearly white, showed a 
red-brow n spot dorsad of the antennae, which is the prothoracic spiracular 
spot. 

The moth, immediately after emerging from the pupal sfiell, often 
cariies a drop of clear fluid at its mouth. It then runs for a short dU- 
tancc. The wings require about 20 minutes to become fully c.xpandcd, 
with the upper surfaces folded together and hanging, and within one and 
a quarter hours they are in natural position flat on the back or slightly 
tectiform. 

DESCRIPTION OF STAGES ^ 

THE EGG 

Wlicn first laid the eggs are perfectly siuootli, sluuing milky white, and without any 
trace of sculpturing. T.ater the color clianges tlirough cream to flesh color, and just 
before hatching to a leaden cast. From a dorsal view they arc apparently symmetri- 
cally spherical, but when laid in rows or masses, as is tisually the case, thej bcconn; 
compressed on two sides. Length, dorsal view, 0.542 to 0.561 mm,; width, dorsal 
view, 0.425 to C.464 mm. 

THE E.\KV.\ 


First inst.^^r.— H ead pale vandyke brown, shining, its posterior margin deeply 
emarginate. Ocelli blackish, t 2 in number, 0 on each side of the head. 5 of which eJe 
arranged in a semicircular form, the lowest of tlie 5. however, being separated by a 
space so that it appears paired with the sixth , which is located near the base of antenna. 
Cervical shield on prothoracic segment pale dusky. When first hatched the body is 
whitish, later becoming tinged with green, due to chlorophyll from the foliage eaten. 
Entire body sparsely clotlied with moderately long tine hairs, which arc about as long 
as half tlic width of the body, those projecting from the head and sides of the body 
whitish, the dorsal hairs blackish, and the body hairs on more or less conspicuous black 
tubercles. The fore pair of abdominal legs are somewhat atrophied, which may 
account for the characteristic looping walk of the first and second insLar larva. 

Just before the first molt the head is very dark brown to almost black, and the trans- 
verse cervical shield is dusky brown. Tliere is a clear white, shining area with several 
blackish dots iu a row on each side extending from the anterior end of the segnjciU tn 
a distance about equal to the u-idth of the cervical shield, anterior to the latter, which 
represents the head and ocelli of the second-instar larvae. The ground color of the 
body is of a decided greenish tint, paler toward the posterior end. The body seg- 
ments bear seven alternate brown-ocher and white longitudinal stripes on each side 
of the whitish median donsal line; the ventral surface is white. The dors^il lines are 
more or less obliterated or inconspicuous on the thoracic segments. Hairs umdi 
conspicuous than early in the iustar. The thoracic legs black, the pseudo and an.; 

kgs pale dusky. ^ ^ , u ) v.rva 

Measurements, average of two individuals, as follows: Recently haicriea •• ■ 

length of body 2.11 mm., width of first thoracic segment 0.35 ruin., of cer\ifal^sl^i^ 


> All elesL-r jplions and measurements, unless otherwise noted, arc from living specimnu 
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0 25 mm., of abdominal segments 0.28 mm., width of head 0.35 mm. Just before first 
siolt, length of body 4.02 mm., width of protlioracic segment 0.464 mm., width of 
abdominal segment 0.474 mm., length of cervical shield 0.310 mm., ^-idtli 0.116 mm , 
width of head 0.3S mm., length of cephalic hairs 0.155 mm., abdominal hairso.080 mm. 

Second instar (immediately after first molt).— Head very pale, shining trans- 
lucent, and with a very faint tint of raw sienna; no apparent reticulate markings 
such as appear in later instars; tips of mouth parts brownish to black. Ocelli black 
and arranged as in the first iustar, but more prominent and not bo closely placed. 
Cervical shield shining, translucent, and inconspicuous, and thoracic legs faintly 
dusky translucent. Ground color of anterior half of body pale green, of the posterior 
half whitish and with stripes as in preceding instar. but the darker lines more of a 
ycllow-ocber color. Ventral surface whitish or greenish white. Pseudo and anal 
legs pale translucent. The fine hairs covering the body are whitish and placed on 
rather conspicuous black tubercles. 

Just before the second molt, the head a shining, light raw umber; mouth parts 
darker. The ground color of the prothoracic segment whitish, due to the head of the 
third-instar larva, which is plainly visible tlirough the translucent skin. Body 
gradually narrowing to anal segment. Otherwise similar in markings to the recently 
molted second-instar larva, except that the legs arc slightly darker, and the lowest 
brown longitudinal line is paler, tending to yellowish orange. 

Measurements, average of two individuals, as follows: Recently molted larva, 
length of body, 3.10 mm., width of prothoracic segment 0.531 mm,, width of proanal 
segment 0.368 mm., width of head 0.58 mm., length of longest cephalic hairs 
0,348 mm. 

Second instar (just before second molt).— Length of body 6,15 mm., width of 
prothoracic segment 0.71 mm., abdominal segments var>- in width from 0.92S mm. 
for the first abdominal segment to 0.74 ram. for the proanal segment; width of head 
0,56 mm. 

Third instar (just before third molt).— The head shows the reticulation or brown- 
ish mottlings illustrated by Forbes.^ Prothoracic segment transparent, the p;ile 
reddish brown reticulations and ocelli on the head of the fourth-instar larva plainly 
visible beneath. Body markings as in preceding description, excepting that the 
second dorsal brown band has broken into two brown bands and one whitish band; 
the third brown band has a paler more or less conspicuous line along its median; the 
brown band at base of legs almost obliterated; the longitudinal stripes become very 
faint at the anterior and less so at posterior end. The general color of the body is 
greenish at anterior end and cream tinted posteriorly. \'entral surface greenish 
white. Body hairs whitisli, except those on dorsum, which arc blackish. First pair 
of abdominal legs now fully developed. Otherwise as in previous instars. 

Measurements, average of two specimens, os follows; Just before third molt, length 
of body 10.35 mm., width of prothoracic segment 1.26 ram., of anal segment 1.03 mm., 
of head 0.95 mm. 

Fourth instar (just after third molt). — Head pale umber with the reticulated 
markings of raw sienna, as in third instar, but more prominent. General color of 
body Nile green, paler posteriorly. The longitudinal stripes as in preceding instar, 
except that lines below the line of spiracles have become entirely obliterated, the 
color below the spiracles being whitish green to Nile green. The dorsal lines are 
inconspicuous or indistinct at their extremities. Otherwise as in preceding instars. 

Fourth instar (just before the fomth molt).— Head pale translucent with reticu- 
lated areas of dusky brown, darker than earlier in instar. The prothoracic segment 
swollen, showing head of larva of fifth instar; a light raw sienna, the reticulated mark- 


Forbes, S. A. A moaosrapb of insect injuries to lodiaa com. Part II. *311 Rpt. State Eat. 111., P. 
'‘‘■fij’iSsb. 1903. 
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ings on it plainly visible. The longitudinal stripes arranged as in preceding de- 
scription, the color of the lines becoming intermixed and less distinct; the white 
spiracular stripe just below the line of spiracles with an intermpted ocherous line, 
not observed in preceding instar. The general body color is pale greenish on ih,c 
racic segments, the remaining segments gradually changing to pale yellowish brown. 
Spiracles black, surrounded by rather conspicuous whitish areas, those on protlioradc 
and proanal segments largest. 

Measurements, average of two individuals, just after third molt: Length o( bodv 
10.7 mm., width of prolhoracic segment 1.47 mm., of an.al segment 1.28 mm.,ofhMil 

I. 45 mm. Just before fourth molt: Length of body 15.0 mm., width of pimliorax 

J. R6 mm., of anal segment 1.55 mm., of head 1.47 mm. 

Fifth instah (just after fourth molt).— Head as described for previous instar. 
Ocelli become more distant with growth of head, the posterior one of the two near 
base of antenna reduced to an inconspicuous spot, much resembling a seta spot 
The longitudinal stripes on abdomen as in preceding instar, except that just below 
the line of spiracles is a narrow while line followed by another rather narrow line 
of reddish burnt umber, the underside of body cream-colored or with faint greenisli 
tint- dorsal surface appearing motUed with brownish markings on pare or cream- 
colored background. The median slit of spiracle _U more conspicuous and .shows 
as a paler whitish area. Otherwise as in preceding instar. 

Fifth ixstak (nearly full-grown fifth-instar larva while feeding).— The entire 
body from dorsal view a dirty greenish color with pink tint, the former darkest nerr 
central portion of body and along median dorsal lines and the latter more promi- 
nent at the extremities, obliterated by the dull-green coloration of the dorsum. 
Below the line of spiracles is a pale pinkish green longitudinal line bordered on 
either side by a namiw whitish line, above and below which the more or less mot- 
tied dtisk-y-green color predominates. Spiracles as before, but of a more velvety 
black 1 egs as before, but the pscudolegs with dusky encircling bands at extreme 
base -^-isihle wlien legs arc fully extended. Otherwise as previously described. 

Fifth insTar (just before fifth molt).-nead and prothoraeic segments of same 
general appearance as in preceding instar just before molting. From a dorsal view 
the general color is pale yellowish green to cream, the longitudmal lines being very 
faint with no definite outline. The broad longitudinal dark stripe ]ust above line 
of spiracles contrasts strongly with the whitish or cream-colored area below llie 
spiracles. Other markings as in preceding instar. , , . , 

Measurements, average of two individuals, just after fourth molt: Un^ ol bod; 
TI 85 mm width of prolhoracic segment 2.13 mm., of anal segment 1.64 mm., 
head 2.30 mm. Nearly full grown and while feeding: Length of body 20 7 rm 
width of prolhoracic segment 2.59 mm., of head 2.44 mm. Jus _ 

Length of body 20.55 mm., width of proUloraclc segment 2,90 mm., of proanal seg 

“axTH^^-TARfatam fulf g 3 vn, PL evil, D. hut still fcedlng).--Hcad relicn- 
lated and' mottled as before, but median suture with border of dark raw 
Cerv-ical shield more prominent and shining, covenng almost the ent 
of the prolhoracic segment. General color from dorsal view dirty-pale bimm, p 
: posterior third. Se general color varies in difierent -^i-duais - ^ 
vei^ pale while others appear very dark and in some cases even ^ ™=t 
th7b!sinnmg of this instar the general color wns ^ at 

and the median-dorsal area was dull green, the pinkish ,, Lt;. pnes Uiiiaii 
the posterior extremity, A median domal a rsuow 

on dorsum of protliorax. each of the latter bordered on ertcad.n- 

dark-brown area. These white lines are extensions of p^alioia.i: 

tlie length of the body, hut are much more prominent and distm ' ^ 1 ^ . , 

segment. The median dorsal line or stripe dork browm, its me .. 
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intervals by narmw wliitc dashes, these the remnants c,f the white tnedum line of 
previous instars: laterad to this median stripe is a pale line whieh becomes inter- 
fused with the former along its border; below is an intcrruf.ted dark-brown stripe 
followed by a while stripe, and this by a rather conspicuous dark brown stripe of the 
game width as last and just above line of spiracles. Below the line of spiracles is a 
conspicuous yellowisli or cream-colored stripe with a more or less pinkish tint, con- 
trasting with the dark-brown line above and the dusky-brown area bcncatli, \'cn- 
tral surface of body uniformly pale, but slightly brownish or dtisky, ilie dorsum 
appearing mottled and the pinkie shades rather conspicuous. Body sparsely cov- 
ered with very fine hairs placed on minute black tubercles. Spiracles as in pre- 
ceding instar. Legs pale dusky at joints and at tips. Pscudolegs pale and when 
extended a conspicuous black band is visible on outer side and extending halfway 
round Uie legs at their base. 

Measurements, average of two individuals, shortly after fifth molt: Length of body 
24 mm., width of prothoradc segment 3.41 mm., of head 3.4S mm. Full growm: 
Length of body 33 mni.. widtli of prothorax 3.8 lum., of widest abdominal segment 
6.0 mm., of anal segment 3.5 mm., ofhead 3.4 mm. 

Individual 73, which had an extra instar— that is, seven- agreed in general mark- 
ings witli the description for the fifth-in.star Larva given above. Measurements for 
this individual just before sixth molt as follows: Lengtli of body 21.3 mm., width of 
prothoracic segment 2.9 mm., of widest abdominal segment 4.0 mni., of proanal 
segment 2.4 nun., of head 2.4 mm. 

The head widths are apparently good and substantial characters for distinguishing 
lan’se of different instars, the width varying only slightly in different individuals 
and never varying in any instar for the same individual. In Table III arc given 
the average head widths for each instar, the records here given showing only those 
measurements actually recorded in descriptive notes, although many other corrobo- 
rative measurements were made at frequent intervals. 


Table HI . — Width of head {in millvn^lers) of Cirphis unipuncta at dijfcn'ni sta:jes of 
grouth 


Number of individual ! 
in scries. 1 

First 

1 instar. 

Second ! 
instar. ! 

Third 

iasur. 

Fourth 

instar. 

Fifth 

instar. ! 

Slvth 

instar. 


0,348 
■ 348 


i 







P 




i 




1 





:::: 



! 1 

i 


1 i 

3 n i 

0. 968 
.929 

1 1 

1 


' 1 ’ 




g.'::. 1 1 

!■ 432 ' 

! i. 4 ;t 

' 1-471 



38 1 . ..1 

i 



i.... 1 

1 



2. 326 
2-284 

; 2. 3^1 

2. 400 

! 2. 439 







1 

i 











i 

i 


61 ... . 



1 

1 

3 - 484 
3. 400 

123 





Average 





.348 I .574 

.948 ' 

1 I. 45S , 2, 36, 

3-443 
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THE PUPA 

When fully colored of a shining mahogany brown, and comparatively smooth, in 
general appearance not unlike other noctuid pupae. Doreum of tliorax with notice- 
able transverse wrinkles, the mesothorax with a more or less distinct smooth line 
along the median dorsum. Bases of first four abdominal segments on dorsum and nf 
flftli. sixth, and seventh segments on venter rather indistinctly and sparsely punc- 
tured; the fifth, sixth, and seventh segments with a ridge near the anterior border 
on dorsum which reaches nearly to spiracles on each side, the posterior margin of this 



Fig. a. — Posterior extremity of male aad female pupa: o, Male; b, female. 

ridge being denticulate or deeply crenulatc, the teeth directed caiidad and most prom- 
inent at median dorsum and gradually becoming less distinct latemlly. The tiuile 
and female pupce are readily separated by a comparison of the accompanying illus- 
trations (fig. 2). 

Measurements; Length ig.,3 inin.; tvidth at tip of wings of male 6,2 mm., of female 
7.0 mm. .Length of the Uvo prominent robust spines at tip of body in male 0,55 mm,, 
in female 0.7 mm.; a more slender and more or less hooklike spine on each side of 
the larger one is shorter. 




PLATE evil 

A , Cages for rearing Cirphis unipuncia; B, leaves ghied together after the eggs have 
been deposited; C, characteristic leaves partly eaten by first-instar larvse; D, full- 
grov.*n larva; E and F, characteristic pupal cells. 












infection of timothy by PL'CCINIA GRAMIXIS 

J,. E. c. Stakman, Had of the Section of Plant Pathology, and F. J. Pikmskei,, 
'lltsiarch Assistant, Division if Plant Pathology and Botany, Dipartmcnl of Agri- 
ailtare. University of Minnesota ' 

It has been shown a number of times that Puccinm phlcifralauit 
Eriks, and Hcnn. can infect oats (Avetm saliva) and rye (Sccah: crrcalc), 
and it has also been shown recently that it can infect barky (Honhiim 
yiilgare; (8. P- Inoculation of timothy (Phleum pmlensc) with 

Puamn graminis was reported by Eriksson (2, p. 71), Johnson (3, p. 9), 
Mercer (6, p. 22), Stakman and Jensen (8, p. 213), and others as sit ing 
only negative results. Carleton, however (i, p. 62), succeeded in infect- 
iti<r Phleum asperum with P. graminis avenae. 

The timothy-rust problem offers a good field for investigating the 
possible origin and developmental tendencies of biologic forms. The 
mst can infect oats, rye, barley, and a number of wild grasses; but 
morphologically it differs from P. graminis, and its ability to infect 
barberry (Berberis vulgaris) regularly is still a matter of doubt (3, p. 1 1). 
Froin its close similarity to P. graminis avenar, however, it seems reason- 
able. to suppose that it may possibly have developed from some form of 
P. graminis. Since P. phleipraknsis resembles P. graminis avenae 
parasitically more closely Itian any other biologic form of P. gramiim, 
it would seem that infection of timothy with P. graminis avenae might 
be possible. For this reason the writers made a very large number of 
inoculations on a number of strains of timotliy. 

All inoculations were made on seedlings from ,3 weeks to 3 months old. 
The leaves were first thoroughly moistened and then inoculated heavily 
with urediniospores of P. graminis avenue originally isolated from Dacty- 
Us glomerata and then kept on oats in the greenhouse for 14 months, 
having been transferred 30 times during that period. The rust had 
been used extensively in a large number of inoculation experiments, 
ami the fact that it was a normal strain of P. graminis avenae had been 
well established. After inoculation the pots containing the seedlings 
were put in pans -containing a small amount of water and were then 
kept covered with bell jars for 48 hours. At the end of that time they 
were removed and kept on an ordinarr- greenhouse bench. Inocula- 
tions were made with other biologic forms of P. graminis also; none 
of these, however, resulted in infection, therefore sen-ing as checks. 
The “ordinary” timothy seed used was obtained from the blinnesota 

hu cooperatioH with the Office ot Cereat Investi-eattout. Buroav. of Plata (mlusLry, Uuiteii States 
Dcpartnii'nt of AeficullUTC. 

• Refereui-e is made by iiuiniter to “I,itenitureciu-d.” p. Si6. 
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Seed Laboratory, and was selected from seed trade samples. The Cor- 
nell and Minnesota selections or strains were obtained from the Seciion 
of Plant Breeding, Division of Agronomy and Farm Management, Mhi. 
nesota Experiment Station. A summary of the results of inoculations 
is given in Table I. 


Table l.—Ke.sulls of inoculations vnth Pticcinia graminU on Phleum pratonse 


Date of 
inocu- 
lation . 


1916. 
Jan. as 
Feb. 7 
Feb. 18 
Mar. a 
Do... 
Do,.. 
Do... 
Do... 
Do ., 


Source of 
uredinio- 
spores. 

1 

Strain of 
PAlcutn 
pTolense 
inoculated. 

'I um- 
ber of 
eaves 

Attd- 

P. graiHinis 
aven ae 
from A ve- 
nt: lefiva. 

Or «1 i a a r y 
timothy. 

48 



so 



76 


do 



Cornell 1671. 

748 


; Cornell 1743. 

140 


; Cornell i 6 ji. 



. . .do 

. . .do 

. . .do 

. . .do 

. . do. . . . 

. . do 

. . .do 

, . ,do 

. . ,di> 

. , .do 

...do 

do 


A,oracii 17*5. 
Cornell i6to. 
Cornell 
Minnesota 78 
Cornell 3*.w. 
Cornell 7687. 
CoTTiel! 1777- 
Cornel! i6a«. 
. Minncfola .^o 
Minnesota 70 
Minnesota 79 
; Minnesfiia 6.1 
(G. Bros 

7501). 

Minnesota 6.4 
(G. Bros. 
^Koi). 

Minnesota 77 


Num- 
ber ol 
loaves 


Date of 
inocu- 
lation. 


Source of 
uredinio- 
spores. 


Mar 16 : 
Mar. 30 ! 
Mar. 4 ! 


Do.. 

Apr. 


P. i/raminis 
av enac 
from .4 ve- 
luj saliva. 
P. ^raminis 
iTitid from 
Horde um 
i-ulaare. 
do. . . . 


. .do. . 
. .do. . 
. .do. . 


! Mar. ' 


do. . . . 

I P.aramints 
seealis 
1 r o m 
I S e c a I c 
tcreaie. 

' do 

do 

do. .... 

, P.gratrtiHts 
ICC"**' 

, f 


. . ' o ni 
I Jlordeuy 
I 1 vutoatc. 

I Mar. 8 1 P. grammu 

' seealis 

I : f r o m 

■I : F.lymus 

I ViViJintcws. 

Do do 


_ . Nuni. .. 

Strain of ben>[ 
Pfdeuni leaves 

praii-nse I in. ltav« 

inoculated. I ocu- 

lated. 


Orel in ary 
timothy. 


. . . .do 

do 

do 

Cornell ifiS;. 
Minnesota 63 
Cornell 1715. 


Cornell 1635, 
Cornell 1630, 
Cornell t6ii, 
Cornell 3:30 


It will thus be seen that successful infection resulted in 14 cf the ’5 
trials with P. graminis aienac and it occurred on at least 11 (lifierent 
selected strains which when grown in the greenhouse varied consid- 
erably in type and vigor. Unpublished results obtained by Mr. M. X- 
Levine, a graduate student in the University of Minnesota, corroborate 
the work done by the writers. Mr. I.^vine's inoculations were ntat-e 
with another strain of P. graminis arenac, and, although there is prob- 
ably little or no difference between one strain of this rust and anot o, 
it is interesting to know that the results obtained aie not due to 
peculiarities of the particular rust strain used. Inoculations on oats 
with the spores produced on timothy resulted in the. formation 0 ti] vti- 
pustules in about eight days. .Xone of the 774 timothy leaves ^ 

wdth P. graminis Iritici produced pustules, and none of the 454 
with P. Ijranmtis sccalis became infected, although the writers are 1. 
convinced that these transfers are impossible. 



4K . Injection oj T imothy by Puccinia Gmminis 


It is quite evident both from the pcrcentaje of successful infections 
and from t*’® character of the infection that timotliy can not be con- 
sidered a congenial host for P. graminis aramr. The total number of 
leaves inoculated was 3,270 and only 57 became infected, only 1.47 per 
cent. The pustules were always small, ranging in size from mere dots to 
pustules 0.3 mm. in diameter. On the older leaves they were often 
surrounded by a small dead area, indicating a certain degree, of hyper- 
sensitiveness, while on younger leaves they often appeared to develop 
quite normally except in size. Four or five pustules sometimes developed 
on the same leaf, giving the appearance of fairly successful infection. 
The incubation period varied from 8 to 12 day.s. The spores were con- 
siderably smaller in size than those of P. graminis axcnac, but they were 
larger than those of P. phleipralensis. The spores of P, graminis 'asenac 
are also reduced in size on barley; the character of infection is somewhat 
the same as that on timothy and the spores become almost identical 
in size. Comparative measurcineiits of spore lengths are given in 
Table II. 


Table ll.—Unglh of urciiimos fores of P. graminis avenae and P. flikifraicnsis 


llwsl on which ijn'jMirftl. 


P, graminis avenae 

Do 

Do 

P. phieiprolensis. .. 


Avem saiiva 

Fhlciim prutaat . 
Hordfum vulgare. 
Phkum prai-etne. 


24 33*52 -‘Q. 44 

20. t6 to 32,64 2;, 60 

20.S0 to 32.96 2V. 60 

lO t'j rS.iio , 21. ;0 


Although the size of the spores is decreased on timothy, it becomes 
normal the first generation wlieti the rust is transferred back to oals. 
The decrease in size is probably to be regarded only as a sumdng due to 
unfavorable environment, since i(. lias been previoiislv shown that spores 
of P. graminis produced on an uncongenial host tend to become ^nailer 
than on a congenial host (7, p. 31). T'he color of the spores remains 
constant on oats and timothy and they can thus I'c distinguished \XTy 
easily from spores of P. phleipraicnsis. Spores of graminis avenai are 
a bright cadmium-yellow in color, while tlio^c of V. |■}lu■iprd!l nsis arc 
inuch duller, sometimes almost grav. 

ihefact that P. graminis can infect timothy raises t!ie question as to 
\\licther P. phlcipratensis may not have developed from some biologic 
lorm of this rust. Only speculation is possible at tlic presetit tiiue, and 
a discussion of the possibilities is thcrcfoie probably uscTcss. Xevcrtlie- 
it is significant that P. graminis avcnac, which now seems a possible 
source of the rust, produces urediniospores of verv different shapes and 
siz^tsoii the same plant and in the same pustules, ihus conceivably indi- 
calmg a tendency toward instabililv. The rust also lias a s*iide range of 
hosts, in tliat while occurring commonlv on one cereal, oats, and being 
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capable of infecting two others, barley and rye, it is also capable of 
ing many wild grasses in this country and Europe, Until further, more 
extensive attempts are made to infect barberries rvith leliospores of P 
pblcipratcnsis and until the possibilities of developing expcrimeiitallv a 
strain of P- graminis on timothy have Ixxin exhausted, work is more 
desirable than words, but the fact that P. plileipralensis can infect three 
of the cereals and a number of grasses and that timothy can be infected 
bv P. graminis avenue may possibly indicate that timothy rust, as Kern 
(4, 5) has previously suggested, may not be so far removed from P, 
graminis as has sometimes been supposed. 

SU.MMARY 


(1) It has been posable by means of artificial inoculations to infect 
various strains of timothy with Puccinia graminis avenae. 

(2) Timothy exerted an appreciable effect on the morphology of spores 
of P. graminis avenae, reducing them considerably in size. Practically 
identical results were obtained by transferring the rust to barley, 

(3) The rust was subnormal in vigor on timothy, the pustules always 
remaining small. 

(4) The facts recorded in this paper are suggestive of the possible 
origin of P- phlcipraicnsis . 


(I) 

0) 

Cl) 

(4) 

(3> 

((>) 

( 7 ) 

( 8 ) 
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control of the powdery DRYROT of western 

POTATOES CAUSED BY FUSARIUM TRICHOTHE- 
CIOIDES 

By O. A. Pratt, 

Assictanl Paikologtsi, Office of Colton and Truck Disease IiiivshgalwHs, 

Bureau of Plant Industry 

INTRODUCTIOX 

Wherever potatoes {Solanum iuherosum) are grown, storage-rots occur. 
These rots are in the majority of cases caused by wound parasites which 
attack the potato tubers through bruises in the skin occasioned by the 
handling of the potato crop in haiwesting. A type of storage dryrot 
known as “powdery dryrot” and ascribed to the parasite Fiisariiim tri- 
chothccioides Woileaw. is apparently restricted to the arid and seraiarid 
sections of the western part of .the United States. Undoubtedly rots due 
to other causes also occur, but powdery dryrot is the only storage-rot 
causing enough damage to be of any great economic importance in the 
irrigated West. It would be difficult to arrive at any dcfirute statement 
of the losses entailed by this disease, but it is known that they have been 
enormous. In several cellars visited, the writer estimated the losses 
caused by partial and total decay of the tubers to be from 30 to 50 per 
cent. Reports from farmers show that in some cases the losses have been 
much greater. This storage dryrot may be (lcscril)cd as an e.vternal dry- 
rot proceeding from bruises in the skin of the tuber. The decayed portion 
usually presents a wrinkled, sunken appearance, and in advanced stages 
may show' a pinlcish w'hite grow-th of the fungus (PI. CVIII, fig. 1,2). 
The decayed tissue presents various shades of color from nearly black to 
light brown, the most characteristic color being sepia brown. Inlenial 
cavities partially filled with the mycelium and spores of the fungus 
are frequently found in decayed tubers (PI. C\TiI, fig. 3). 

The first description of this disease was made in 1912 by Jamieson and 
Wollenw'cber,^ who denionstralcd iliat the rot was caused by a species of 
Kusarium which they called “f nsariitni trichothcdouics Wollenw.” One 
year later Wilcox, Link, and Pool - described a dryrot of potato tubers in 
Xebraska, ascribing it to a species of Fusarium which they called Fusa- 
Hum tiiberivorwn/' This fungus has since been demonslralcd by Wollen- 

‘ J amiwon, Clara 0.,a»id V^dlcnwcber. H. W. An external do* rut of potato tubers causcsl by rusariiam 
tiiiWothecioidcs W'ollcnw, In Jour. Wash. Acad. Sci.. v. j. no 6, ji. i fig. i9«t. 

JWikox. E M.. Link, G. K. K.,auJ Pool, Venus W. Adry rot of the Irish jxitato tuber, Xebr. .tgr. 
Kxp. SU. Research Bui. i, p., 15 fig., aS jil. (1 cul.). 1915. Dibliography, p- 

Journal of Agricultural Researrh, 
f’ept. 0 ) Agriculture, Washington, D. C. 
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weber * and by Carpenter ^ to be identical with F. tricholhecioidcs tVoilenu 
Wilcox, Link, and Pool “ found that their fungus was incapable of attack- 
ing the tubers through the eyes or leuticels and that it was incapable of 
attacking the growing plants. Jamieson and Wollenwebcr,’ liowcvcr 
working with F. trichothecioides obtained from western potatoes, found 
that F. irichotheciovles was capable of attacking the growing plant, and 
thev also obtained infections through the unbroken skin of the tuber be 
rubbing the inoculum over the surface. Their results were obtained 
under the extremel}’ humid conditions of the Department greenhouses 
at Washington, D. C. 

Working with the same fungus, the writer was unable under the west- 
ern field or laboratory conditions to produce infection through the 
unbroken skin of the lootato tuber or to produce an infection in any jiart 
of a growing potato plant . His results agree in the main with those ob- 
tained by ^\■ilcox, Link, and Pool,* thus further establishing the identiiv 
of F. trichothecioidcs with the so-called F. tuberivorum. 

Preliminary work on this potato-tuber disease was begun in 1912, when 
the author was connected with the Agricultural Experiment Station of the 
University of Idaho. During llic fall of 1912 and the spring of 1913 
potato shippers reported heavy losses in carload lots of potatoes en route 
from Idaho and Utah to eastern and southern markets. Examination of 
infected tubers from such cars invariably revealed the presence oi F, 
irkholhecioidcs. In the fall of 1913 the writer was enabled to begin a 
study of storage conditions of potatoes. 'I'his study was continued up 10 
the. spring of 1916. It is safe to say that powdery dryrot can be found 
in every potato storage cellar in the areas covered by the author’s inve.sti- 
gations. However, when storage conditions were found to be good, 
losses were being reduced to a minimum. 

During the whole course of the investigations, experiments leading to 
a further knowledge of the relationship of the fungus to the disease, as 
well as practical experiments leading to its control, were carried on. 
These experiments were conducted in part in the laboratories in 'A ashing- 
ton, D. C., and in part in the field, laboratory, and storage cellar of the 
Jerome Experiment Station, Jerome, Idaho. The work was furlhe: sup- 
plemented by the rilatiliug of seed plots in various places in soiiihcia 
Idaho. The results of llicse experiments, as set forth in this jiapcr, 
are believed to be of fundamental scieutitic importance, since liny 
throNs more light on the relationship of the fungus to the disea.ie and 
demonstrate a fairly successful method of control. 

1 Wollctnvcbcr. H. XV. Itamularia, C.Iycosphaerclla, NwSri:i. Cjihiiicct.-ia. Iliiicmouiiioloa.-Oi l Un'r 

lo-t,Lhe StuUie zur -Xbcrcnzun.ij voii i.ilzgruppca mit ci-lindrischcn untl siOidfl.miiwiJ Koiiidzini.rait . 
In rhytppzt'.Ju!o!.y-, v. 3. no. 3. p. zo6. IQI3. , 

2 Carpenter. C. XV, Some jxilato tuber-ruts caused by specicsoE Fiizarium. /« Jour. -Xtt. Kes , 

no. 5, p. 1S3-Z10. pt .X-n (col.), it-19 ISIS- literature cited, p. 208-200. 

8 Jainiesou, Clara O.. and Wolk-nwober Op. cit. 

< Wilcux, K. AI., Link, G. K. K.. and Pool, Venus W. Op. cit. 
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PARASITISM OF FUSARIUM TRICHOTHECIOIDES 


To determine the parasitism of F. irichothccioides, several attempts 
^■ere made to induce infection in various parts of growing plants and in 
mature tubers. 

, In the fall of 1913 balf-bushel lots of imbruised tubers were obtained 
of each of the following varieties: Burbank, Idaho Rural, Early Rose, 
Peoples, Improved Peachblow, Netted Gem, and Pearl. .All of the 
tubers selected were free from any external evidence of disease and were 
disinfected by dipping in a solution of formaldehyde (i tego). Each tuber 
in one half-bushel lot of each variety was bruised with a sterile knife and 
the bruised surface dipped in a suspension of the spores of the fungus. 
Each tuber in another half-busbcl lot of each variety was first carelully 
examined to make sure that its skin was wholly sound and was then 
dipped in a suspension of the spores of the fungus. Checks of the same 
quantity of tubers of each variety were prepared in the same manner, 
except that the tubers, whether sound or bruised, were dipped in sterile 
water. Bach lot was then placed in a sterilized canvas sack. To insure 
a high degree of humidity each sack was sprayed with sterile water. The 
sacks were then stored in one corner of the cellJr and covered with canvas. 
The tubers were not examined until the following May, or about seven 
months after having been placed in storage. .At the time of examination 
all tubers had sprouted, showing that temperature conditions, at least 
during the latter part of the storage period, had been ideal for the 
development of the rot. Every inoculated, bruised tuber showed infec- 
tion, each bruised, inoculated tuber being from one-eighth to three- 
fourths decaved. None of the inoculated sound tubers showed any 
infection. In the checks there was a slight amount of decay in many of 
the bruised tubers, though they had not been inoculated; but all of the 
sound tubers of the checks remained sound throughout the storage 
period. 

2. In the fall of 1914 further attempts were made to infect potato 
tubers with F. Irkhothecioidcs through the unbroken skin. The following 
varieties were employed: Improved Peachblow, Idaho Rural, Netted 
Gem, Peoples, and Pearl. Fifty sound tubers of each variety were, fiist 
disinfected in a formaldehyde solution (1:240!, dried, and then dipped 
in a spore suspension of the fungus. Fifty tubers of each variety were 
disinfected in the same manner, bruised with a sterile knife, and dipped 
in a suspension of the spores of the fungus. Each lot of tubers was then 
placed in a disinfected canvas sack. The potatoes were first stored in 
the laboratory culture room, where the teiupcrature was very favorable 
to the development of the decay. A high humidity was maintained 
in the culture room by spraying the walls with sterile water. After a 
month the potatoes were removed from the culture room to the potato 
storage cellar, where they remained until spring. An e.xaniinaLion of 
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the potatoes was made in April, 1915. None of the unbruised tubers 
showed any signs of infection, but infection was present in each of the 
bruised tubers. 

3. In 1914, attempts to artificially infect growing potato plants with 
F. irichothccioides were made as follows: 

a. One hundred apparently healthy Idaho Rural plants were selected 
and the stem of each was punctured at the crown wnth a needle inoculated 
with the spores of the fungus. As a check, twenty-five apparentlv 
healthy plants of the same variety were selected and their stems punctured 
at the crowm with a sterile needle. 

h. One hundred apparently healthy Idaho Rural plants were selected 
The soil was removed to expose one tuber under each plant. One tuber 
under each plant was punctured with a needle inoculated with the spores 
of the fungus. As a check, twenty-five apparently healthy plants of the 
same variety were selected and the soil removed to expose one tuber under 
each plant, which was then punctured with a sterile needle. 

c. One htindred apparently healthy Idaho Rural plants were selected 
and the soil removed to expose one tuber under each plant. The stolon 
of one tuber under each plant was then punctured with a needle inoculated 
with the spores of the fungus. ' As a check, twenty-five apparentlv 
healthy plants of the same variety were selected and the soil removed to 
expose one tuber under each plant. One tuber stolon under each plant 
was then punctured with a sterile needle. 

An examination was made one month later. No evidence of infection 
could be found in the proximity of the punctures in the stems, the 
tubers, or the tuber stolons. The punctures made were so large that they 
could be seen easily in each case, but apparently they had healed over. 
The checks presented the same appearance. 

As the foregoing inoculations of growing plants had been made rather 
late in the season (August 21), it was thought that the failure to develop 
any infection might have been due to the late date on which the inocula- 
tions were made. Therefore the attempts were repeated in 1915 as 
follows : 

1. Fifty Netted Gem tubers which had been inoculated with F. 
irichothccioides were kept for several days in moist chambers at tempera- 
tures favorable for the development of the fungus. On June 4, when the 
decay was well advanced, the fifty tubers were planted in a Station plot 
in an attempt to infect the growing plants through the seed pieces. A 
similar number of hills of the Netted Gem variety were planted with 
disease-free seed pieces as a check. The plants were examined from time 
to time during the season, cultures being made whenever any evidence of 
disease appeared, but F. trichothecioidcs was never obtained. The plot 
was dug on September 15, when all stems and tubers were examined for 
evidence of disease. There was no evidence of decay in the harvested 
tubers, and the stems of the plants were usually white and clean. Six 
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plants out of the fifty which resulted from the planting of the inoculated 
seed pieces -showed vascular infection, hut F. Irkkottmcioidcs could not 

be recovered. 

2, Twenty-five Idaho Rural tubers, first disinfected by dipping in 
formaldehyde, were placed in moist chambers and allowed to rtvclop 
sprouts. On July 10, when the sprouts were from one-eighth to one half 
inch long, they were sprayed with a spore suspension of the fungus. 
As a check, twenty-five Idaho Rural tubers were treated in the same 
manner, but the sprouts were sprayed with sterile water. After 11 little 
more than a month each sprout was carefully examined. So evidence 
of infection was found cither in the sprouts sprayed with the spore 
suspension or in the checks. 

3. On July ir further attempts to infect growing potato plants were 
made as follows: 

a. Ten apparently healthy Idaho Rural plants were selected. The soil 
was removed to expose as many of the tubers as possible without dis- 
turbing their position. In all, twenty-five tubers were uncovered and 
punctured with a needle inoculated with the spores of the fungus, after 
which the soil was replaced. As a check, a similar number of plants of 
the same variety were selected and twenty-five tubers punctured with 
a sterile needle. This experiment was duplicated with Xettod Gems. 

b. Ten apparently healthy Idaho Rural plants were selected. The 
soil was removed to expose as many of the tubers as possible without 
disturbing their position. Twenty-five tubers thus uncovered were 
sprayed with a suspc.nsion of the spores of the fungus, after which the 
soil was replaced. To prevent the rapid drying off of the spraved I iiljers, 
the soil when replaced was moistened. As a check, ten other apparently 
healthy Idaho Rural plants were selected and twenty-five tubers 
sprayed with sterile water. The soil was moistened upon being replaced. 
This experiment was duplicated -with Netted Gems. 

c. Ten apparently healthy Idaho Rural plants were selected. The soil 
was removed to expose as many of the tubers with their stolons as possi- 
ble without disturbing their position. The stolons of twenty-five tubers 
thus uncovered were then punctured with a needle inoculated with the 
spores of the fungus, after which the soil was replaced, care being exer- 
cised to place, moist soil next to the inoculations. .\s a check, ten other 
plants of the same variety were selected and twenty-five tuber stolons 
punctured with a sterile needle, after which the soil was replaced. This 
experiment was duplicated with Xetted Gems. 

d. Icn apparently healthy Idaho Rural plants were selected and the 
stem of each plant punctured at the croum with a needle inoculated >vith 
the spores of the fungus. As a check the stems of ten plants were punc- 
tured with a sterile needle. This experinieiil was duplicated with 
^ftted Gems. 
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e. The leaves of ten apparently healthy Idaho Rural plants ivere 
sprayed with a spore suspension of the fungus. As a check, the leaves of 
ten apparently healthy plants were sprayed with sterile water. Tliis 
experiment was duplicated with Netted Gems. 

In the fall a eareful examination was made of each plant anti tuber 
Not the slightest trace of infection that could be ascribed to F. irich,,. 
thecioides could be found, though cultures were made from suspicious, 
looking stem lesions and tuber discolorations. The punctures in tlie 
tubers and stolons had healed over, leaving only the slightest scars as 
evidence. The punctures in the stems could be found by very careful 
scrutiny, but rvere entirely healed over. There was neither internal nor 
external evidence of disease in the neighborhood of the punctures, whether 
in stems, tubers, or tuber stolons. No disease appeared irr the foliage 
or stems as a result of spraying with the spore suspension. 

The results of the attempts to induce infection in growing potato 
plants were such as might have been expected after several years' 
search ill commercial fields for evidence of disease which could be attrib- 
uted to this organism. Several hundred cultures have been made from 
diseased parts of growing potato plants. Out of these attempts, F. fti- 
clmf/tedorder has been obtained but 13 times, twice from Netted Gemtubtrs 
infected with jelly-end rot and ii times from potato steins infected with 
footrot. In the footrot cultures, F. Iriclwlhecioides was associated with 
other species of Fusarium, including F. radicicola and F. oxysporum, as 
well as other fungi. It is not likely that F. irichothccioide.s attacked the 
growing stern, but rather it is probable that it entered as a secondary 
organism after the attacks of other fungi or bacteria. The writer has 
shown in another paper' that jeliy-end rot does not derulop at temper- 
atures below ] 0° C. ; therefore F. trichothecioides is eliminated as one of 
the contributing causes of this fieldrot, since, if F. Irichothecioides were 
generally present in tnl->ers infected with jelly-cnd rot, such tubers when 
placed in storage would coiilinue to decay at temperatures as low as 
4° (see pages 825 to 827). F. trichallu’cio-ides has never been obtained 
from any other fieldrot. In commercial storage cellars, unbruised tubers 
have never been found infected by /■'. trichoiheciowU s ; on the other hand, 
the majority of bruised tubers in storage show more or less decay from 
this cause. 

EFFECT OF PLANTING SEED INFECTED BY DRYROT 

Poor stands of potatoes have been observ-ed from year to year in many 
potato fields in southern Idaho. In many cases it was impossible to say 
whether the poor stand was due to irregularity in planting or to poor 
seed. In some cases, however, the only explanation that could be m ajr 

r Pratt, O- A .V wiarteni fieldrot of tlie Irish potato tuber caused by Fiisariuni railicicoU- I J 
Agr. Research, V. 6, no. q. p. 2 <> 7 -jio. pi. d4''J7- 
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,vas the known fact that seed infected with dryrot had been planted. 
Xo determine the effect on the stand of planting seed infected with drv- 
rot several plots of potatoes were planted as follows; 

Plot 1.— Each seed piece showed at least one healthy eye, but was 
almost wholly decayed. The variety planted was Idaho Rural. 

Plot 2.— Each seed piece showed a pocket of dryrot at least half an 
inch in diameter and about as deep as wide. The variett- planted was 
Idaho Rural. 

Plot 3- — This plot was planted with seed of the same character as that 
used in plot I, except that the variety was Netted Gem. 

Plot 4. — This plot was as nearly as possible a duplicate of plot 2, except 
that the variety planted was Netted Gem. 

Two check plots were also planted, one of Netted Gem and one of Idaho 
Rurals. In each of the check plots only seed entirely free from disease 
was used. The plots were planted 011 the grounds of the experiment 
station at Jerome, Idaho. Table I shows the stand which resulted. 


Table 1 .— Percentage of stand of potatoes in plots infected poaidery dryrot 


Plot Ko. 

Varict;-. 




do 


Netted Gem 


Check do 

Do I Idaho Rural. 



72 

98 
70 

99 

1C>0 

ICO 


82 

100 

S5 

100 

roo 

lOQ 


In plots I and 3, in which the seed planted was nearly totally decayed, 
ihe stand never exceeded 82 per cent of the Idaho Rural nor 85 per 
cent of the Netted Gem. The plants in these two plots were much 
slower in coming up than those in the check plots or in plots 2 and 4. 
One month after planting, all the seed in the check plots had produced 
plants larger and stronger than those in plots i and 3, but no ditference 
was obsers^ed between the plants in the check plots and those in ])lots 
2 and 4. Although the stand in plots 2 and 4 was not quite perfect at 
the end of the first month, the stragglers soon appeared, and a perfect 
stand resulted. The results of these experiiiieius specifically agreed with 
the observations in commercial fields. It is believed that had the wet 
weather of the early spring continued throughout the mouth of June, a 
much smaller percentage of the seed would have produced plants. The 
plots were carefully watched throughout the growing season; but after 
die plants had thoroughly established themselves, there was little or no 
difference between the plants in the diseased plots and those in the 
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check plots. The plants in plots i and 3 eventually became as stroi 
and vigorous as those in plots 2 and 4 and in the check plots 
harvest time 100 hills from each plot were dug and the tubers carefully 
examined for the evidence of disease. Table II shows the percenta e 
of disease present in the tubers at liar\^est time. 


Tabi.e II - — Percentage of disease present in potato tubers at harvest ti»ie 


Plot N'o, 

i j 

Variety. Scab, j 

Khizoctonia 

seab. 

i Vascular : Powdc:.- 

; ■ driTM.' 








Is ■ ° 




3 ^ 1 0 


do 1 o' 

0 

3-2 1 0 

Check : 

1 do ' 0 

0 


Check 1 

[ Idaho Rural 0 

j : 

0 

SO ' 0 


It is evident from the results that dryrot infection in the seed does not 
ill any way influence the amount of disease in the product, No drvroL 
appeared in any of the plots at harvest time. The percentage of vast.ilar 
infection was higher in the case of one of the check plots and lower in 
tlic other than in the diseased seed plots. A large number of cultures 
were made from the discolored vascular tissues of the tubers from all of 
the plots, but the fungus F. h'icho/Ju'cioiJcs was never once ol)tai!icd. 


SOURCE OF TIIF OROANhSM CAUSIN’O POWDERY DRYROT 

It was evident that the organism causing the decay must be present 
in the soil particles clinging to the snrfact.' of the. tubers when Iiar\'ested, 
but whether F. irichothccioidcs was present in the soil prior to the planlius; 
of the potatoes or was introduced with the seed was not known. It was 
thought that the latter niiglit be tlie case. Accordingly plots of potatoes 
in which all the seed was eiUirely free from disease and had been disin- 
fected for tX hours in a solution of mercuric chlorid (1:1,000) were 
planted on both raw dcsertland and lands previously in alfalfa. Check 
plots were also planted in which each seed piece was well infected 
the rot. 

At harvest time samples of potatoes from each of the plots were placed 
ill sterilized tin boxes and put in storage at temperatures favorable for the 
development of the rot. Each tin box used in the experiiiicnt was fn-t 
wrapped in heavy paper and sterilized for throe hours in the oven at a 
temperature of 160° C. To secure the samples of potatoes, the sterile 
boxes were taken to the field and a hill or more of potatoes dug wild a 
trowel which had first been sterilized. 'I'he tubers were then luiiiseu 
with the same trowel, the box opened, and the potatoes put into the box 
with a little of the moist soil in which the tubers had been growing, in 
ofder to insure proper moisture conditions within the box. 1 he bo.x vas 
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then closed, wrapped, and stored. Eight of these samples were obtained : 
Two of Netted Gem and one of Idaho Kural from desert land plots, 
jnd one of the Netted Gem and two of Idaho Rural from alfalfa land 
clots. The remaining two samples were taken from the check plots 
which were planted on alfalfa land. One was a sample of the Netted 
Oeiii variety, and the other was an Idaho Rural. Two months after 
storing the samples, the Iroxes were opened and the tubers examined. 
Every tuber in each of the eight boxes showed at least slight signs of 
decav, and some showed deep infection pockets of dryrot. 

Isolations were made from the decayed (Kirticns of the tubers and the 
presence of the organism determined. Not a single culture gave nega- 
tive results. It is apparent, therefore, Uiat F. iricholheciouks is at the 
present time well distributed in desert soils, as well as in those previously 
iu cultivation, and is not necessarily introduced on the seed. 


relationship of temperature to the develop.ment of 

POWDERY DRYROT 

The e.xperimcnts to determine the relationship of temperature to the 
development of powdery dryrot were carried on in the laboratories in 
Washington and in the cold-storage rooms of a Washington cold-storage 
plant. In these experiments potatoes of the following varieties were 
used; Idaho Rural, Netted Gem, Peoples, Pearl, Burbank, and Improved 
Peachblow. Three different experiments were undertaken. 

1. Tubers of each of the above varieties were first washed and disin- 
fected by fumigating witli formaldehyde gas. Two methods of inocula- 
tion were employed. The first method consisted in cutting off the si cm 
end of the tuber and dipping tlie cut surface, into a spore suspension of 
F. trktwthecioides. Tlie second method consisted in inoculating the 
tubers by puncturing the skin with a needle inoculated with the spores 
of the fungus. In both cases the inoculated tubers were wrapped 
separately in sterile paper. Tubers inoculated by each of these methods 
were placed in the incubators and in the incubator room. Checks iverc 
prepared in the same manner except that the tubers in one case were 
dipped in sterile water and In the other case were punctured with a sleiile 
needle. 

2 . In the second experiment sterile blocks were cut from tubers from 
each of the varieties named. These sterile blocks were placed in sterile 
culture tubes and allowed to incubate for several days in order to insure 
their sterility, after w'hich thev were inoculated with the fungus and 
placed in the incubators and in the incubator room. 

3- In the third experiment half-bushel lots of each ol the varieties 
above named were first wrashed and disinfected by fumigating with for- 
maldehyde gas. Each tuber was then cut across the stem end and the 
cut surface dipped in a spore suspension of the fungus, after w liich they 
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were wrapped separately in sterile paper. Each half-bushel lot k-hs 'h~ 
placed in a tin box which had first been sterilized. Half-bushel lots of 
each variety thus prepared were placed in cold storage at temperatures 
of o° and 1.1° C. Ilalf-bushel lots of each variety were prepared in the 
same manner and placed in the incubator room as a cheek. Check 
lots in which the tubers were treated in the same marmer but not inocu- 
lated were also placed in the incubator room and in cold storage at tem- 
peratures of o° and i.t° C. Table III gives the results of these tuber 
inoculations under the different storage conditions, showing the tem- 
peratures of tlie incubator chambers, the incubator room, the rooms in 
the cold-storage plant during the period of storage, and the condition of 
the inoculated tubers at the end of the storage period. In Table 111 the 
incubator chambers are designated by numbers i to lo and the cold- 
storage rooms as A and B. All of the uninoculated checks remained 
sound. 


T.\blk III- — Results of polaio-tuher inoculations under different storaije conditions 



Temperatures dtiring peritxl ct storage. 

Condition o( iiiociilated lutniis 
St tenrunation oi storage 
period. 


Mlaimum. 

Maximum. | 

Average. 


• c. 

0. 2 

•C ! 

2. I 

•c. 

0. S 

Sound, 


4.0 

7-3 

4.2 

Very slight dccav. 


4 - 2 

10. 2 

7.6 

One-third to two-thirds 


6- 3 

12. 5 

8.9 

decayed. 

Nearly total decay. 


8-9 

14 4 

T2. 0 

Total decay. 


10. 0 1 

17. 0 

14. 7 

Do. 


11. 0 ! 

19.9 

17.0 

Do. 

s 

14. 0 

21. 8 

18. 0 

Do. 


15.0 

2.S- I 

19. 0 

Do, 

10 

,3.8 


IQ- Q 

Do. 

Incubator room 

19. 0 

36. 5 

25.0 

Do. 


0 

0 

0 

Sound. 


... 

1 . I 

1. I 

Tkx 


It is evident from the results obtained that powdery dryrot will not 
develop at temperatures below 2° C. At temperatures ranging from 2^ 
to 4° (.115° to 40° F.) the amount of decay will be slight, especially if the 
storage rooms are kept fairly dry and well ventilated. 

INFLUENCE OF HU-MIDITY ON THE DEVELOPMENT OF POWDERY 
DRYROT IN STORAGE 


It has often been observed in storage cellars which were cornparatiieli 
dry and w'ell ventilated that the losses from powdery dryrot were much 
less than in damp, poorly ventilated cellars. The writer has been in cel- 
lars where practically every bruised tuber was from one-third to near!) 
totally decayed. Such cellars have invariably been exceedingly damp 
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and poorly ventilated. He has been in other cellars ulicri' the bruised 
tubers showed only an indpient rot, the decay usually exlendinj inward 
from the bruised surface for less than one-fourth of an inch . Such cellars 
have invariably been very dry and well ventilated. It is to be regret led 
that there has been no opportunity to obtain the percentages of atmos- 
pheric humidity most favorable to the development of the rot. How- 
ever, a preliminary study of the effect of humidity on powdery dryrot 
development was undertaken in the spring of 1915. 

In the month of April, owing to the fact that heavy rains had been 
falling, the storage cellar of the J erome Experiment Station was in a com- 
paratively damp condition, the doors having been open for a considerable 
portion of the time to allow workmen to enter. At the same time the 
cellar under the Station laboratory building was being kept in a cornpara- 
tivelv dry condition, while the air of the laboratory itself was very dry, 
owing to the fact that fire was being constantly maintained in the stove. 
One hundred and fifty Netted Gem tubers inoculated with F. irichoth- 
dailies were allowed to remain for several days in moist chambers until 
the fungus had well established itself, after which fifty tubers were re- 
moved to the potato storage cellar; fifty of the tubers were put in the cellar 
of the laboratory building, while the remaining fifty tubers were exposed 
to the dry air of the laboratory room. After six weeks the potatoes were 
examined. Though the temperature had been very favorable for the 
development of the rot, the fifty tubers left in the dry laboratory room 
showed no apparent advance in the decay from the time they had been 
removed from the moist chambers. Those in the laboratory cellar showed 
but a very slight advance in the decay, while those in the storage cellar 
showed well-defined pockets of dryrot, each tuber being from one-eighth 
to one-fourth decayed. This preliminary experiment shows that the 
drier the atmosphere the less will be the decay in storage from this cause. 


DISINFECTION OF POT.TTO STOCK BEFORii STORING 

In order to learn whether the pro.gress of powdery dryrot in storage 
could be inhibited by disinfecting the potalocs before storage, the follow- 
ing experiments were set up. Both bruised and sound tubers were em- 
ployed. The bruised ones bad been injured in the field during the 
process of digging. Fumigation with formaldehyde gas was the method 
of disinfection used. The potatoes were fumigated in an air-tight room 
at a temperature of about 60“ F. To produce the. formaldehyde fumes 
the following formula was employed; Formaldehyde (40 per cent), 
pints; potassium permanganate, 23 ounce.s for each i.ocki cubic feet uf 
space. The potatoes were arranged in two lots as follows : 

Lot I in trays, each tray holding about 50 pounds of potatoes. One 
tray each of bruised tubers of Earlv Rose, Improved Peachblow, Iri oplcs, 
betted Gera, and Pearl, and three fra vs of bruised tubers of Idaho Rural; 
also a similar number of trays cf sound tubers of each \ aiiety. 
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Lot 2 in sacks, each holding about loo pounds. One sack each ’ 
bruised tubers of Early Rose, Improved Peachblow, Peoples, Xetted 
Gem, and Pearl and two sacks of bruised tubers of Idaho Rural- also 
similar number of sound tubers of each variety. The potatoes w- 
fumigated for 24 hours and then placed in storage. As a check, a similar 
number of trays and sacks of bruised tubers of each variety and a similar 
number of trays and sacks of sound tubers of each variety were put in 
storage without fumigation. The period of storage was from Novem 
ber I, 1913, to May lo, 1914. The cellar was well ventilated and com- 
paratively dry. The temperature throughout the storage period raii'^ed 
from as a minimum to 7.8® C. as a maximum. 

A careful examination of the potatoes at the end of the storage period 
revealed the fact that a slight amount of decay had taken place in all of 
the bruised tubers, whether fumigated or unfumigated. Cultures were 
made from a large number of infected tubers, and the fungus F. frichoik^ 
cioides was obtained. No apparent difference was noted between the 
fumigated and the unfumigated lots, and there was no decay in anv of 
the unbruised tubers, whether fumigated or not. The unfumigatod 
potatoes, however, sound or bruised, presented a much better appear- 
ance than the fumigated potatoes, owing to the injuries in the form of 
sunken spots which appeared on most of the fumigated tubers caused by 
the action of the formaldehyde fumes. 

In the fall of 1915, other experiments to control jwwdery dryrni by 
disinfecting prior to storage were undertaken. On September 27. 
Idaho Rural tubers were dug for the experiment. One-half of the tubers 
were bruised in the field with the digging fork. Bruised and sound tubers 
were sacked separately. Twenty-five sacks of bruised tubers and 
twenty-five sacks of sound tiibers were employed in the experiments. 
Each sack contained about 40 pounds of potatoes.* The methods 01 
disinfection were as follows: (i) The formaldehyde dip (t pint of 40 
per cent formaldehyde to 30 gallons of water). (2) The mercuric-chlorid 
dip (4 ounces of mercuric chlorid to 30 gallons of water). (3) Dusting 
with flowers of sulphur. (4) Dusting with air-slaked lime. The formal- 
dehyde and mercuric-chlorid solutions were made up fresh for each 
disinfection. 

The potatoes dug were divided into five lots, each lot consisting of 
five sacks of bruised tubers and five sacks of sound tubers. On Sep- 
tember 27, a few minutes after digging, one sack of bruised tubers and 
one sack of sound tubers were placed in storage w'ithout disinfection. 
One sack each of bruised and sound tubers was dipped for two hours 
in the formaldehyde solution and then dried and put in storage. One 
sack each of bruised and sound tubers was dipped for two hours in the 
mercuric-chlorid solution, dried, and put in storage, one. sack each or 
bruised and sound tubers was dusted with flowers of sulphur and put 
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in storage, and one sack each of bruised and sound tubers was dusted 
with lime and put in storage. On September 28, twenty-four liours 
after digging, the second lot, consisting of five sacks each of bruised and 
sound tubers, was treated in the same manner as that of the previous 
day and placed in storage. On September 29, forty-eight hours after 
digging. 1^”= consisting of five sacks each of bruised and sound 

tuWs, was treated in the same manner as the first and second lots and 
placed in storage. On September 30, seventy-two hours after digging, 
the fourth lot, consisting of five sacks each of bruised and sound tubers, 
was treated in the same manner as lots t, 2, and 3 on previous days and 
placed in storage. On October t, ninety-six hours after digging, the 
fifth lot, consisting of five sacks each of bruised and sound tubers, was 
treated in the same manner as those on the previous days and w as put in 
storage. In each case the disinfected potatoes were stored in the sacks 
in which they were disinfected. In order to give the experiment a 
severe test all five lots were stored for about six weeks in the anteroom of 
the storage cellar, where temperature and moisture conditions were 
favorable for dryrot development, after which they were transferred 
to the storage cellar proper. 

On April i, 2, and 3, 1916, examination of the potatoes was made. 
Each tuber was carefully e.xamined to determine the presence or absence 
of decay. Wherever decay occurred, typical specimens were taken to 
the laboratory, and the presence of F. IrkltoUiccioidcs was determined by 
means of artificial cultures. All of tlic unbruised tubers, whether disin- 
fected or not, were still wholly sound. The bruised tubers which were 
not disinfected presented essentially tlie same appearance in all lots. 
Those with deep bruises were usually from one-third to totally decayed. 
Those with shallow bruises in some cases showed no decay, but the majority 
showed at least slight decay. By “deep bruises” arc meant those which 
penetrated the tuber tissue far enough to be partly closed up and covered 
over when the digging instrument was withdrawn; by “shallow’ bruises,” 
those which were only skin deep, or which presented a comparatively 
clean cut surface. Tlic condition of the disinfected, hruisetl tubers at 
the end of the storage period is shown in Table !V. 
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Table IV .—Condition of the disinfected, bruised potato tubers at the end of tu 

period ^ 


Condition after disinfectton with— 


Tirae of disinfee- 




Lkiii, 

Mercuric chlorui. 

Formaldehyde. 

L.nie 

I m m e diately 
after digging. 

No decay 

No decay 

Decay in most 
tubers with 
deep bruises. 
Shallow 
bruises 
healed over. 

Presented the 
same appear- 
ance as those 
disinfected 
immediately 
after digging. 

digging. 

48 hours after 

Very slight dc • 

All tubers with 

digging. 

cay in most 

deep bruises 


73 liuurs after 

tubers with 
deep bniisi'S. 

JS Ii a 1 1 0 w 
bruises 
healed over. 

Well - estab- 

from one- 
third to one- 
hulftlccaycd. 
Tubers with 
shallow 
bruises show- 
ing slight or 
no decay. 

Presented the 

do 

digging. 

Itshed dryrot 

same appear- 
ance as those 
d i s tnfccled 
48 hours after 
digging. 

A few tubers 


96 hours after 

in all tubers 
with deep 
bruises. 
Shallow 
bruises 
healed over. 

All tubers with 

do 

digging. 

ileep bruise's 

toCillv de- 



from one- 

quarter to 
onc-lhird de- 
cayed. Slight 
decay pro- 
ceeding fri)m 
shallow 
[>ruises. 

cayed. Bal- 
a n c e pre- 
sented the 
Same appear- 
ance as those 
d i s i nfcctod 
48 hours after 
digging. 





I’rescntcil the 

same appcar- 
as> these 
Justed ti-itii 
litnc. 

Do. 


Do. 


Do. 


Do. 


It is evident from the results obtained by disinfecting potato stock 
prior to storaj^e that it is possible to check the disease effectively, i^ro- 
vided tile disinfecting is done within 24 hours after digging. The 
solution of mercuric chlorid, which was the most effective, was fairly 
efficient 48 hours after digging. The formaldehyde solution gave the 
next best results and was thoroughly effective 24 hours after digging 
It was of little or no value when applied from 48 to 96 hours after digging' 
There was little difference to be obscr\'cd between the lots dusted with 
lime and those dusted with sulphur. Wherever the tuber bruises were of 
such a character that the lime or sulphur could reach and cover the bruised 
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surface, no decay occurred. The Ume and sulphur dust did not alwavs 
reach the deeper bruises and therefore was not effective in such cases, 
pisinfecting potatoes with mercuric chlorid or formaldehyde prior to 
storage should be of value when it is necessary to store seed potatoes in 
a poorly ventilated or improperly cooled storage cellar. Lime and sulphur 
are not recommended. 

SUMMARY 

(,) Powdery dryrot, caused by Fusarium IridwOiecioides, is the most 
important storage-rot affecting potatoes in the irrigated West. 

(2) F. tricholhecioides under ordinary western field conditions does 
not attack any part of the growing potato plant. Potatoes in storage 
are attacked only through bruises. 

(3) Planting badly infected seed potatoes greatly reduces the stand. 
A slight amount of infection in the seed piece does not cause any serious 
loss. 

(4) The causal organism is at the present time apparently well dis- 
tributed throughout western desert soils. 

(3) F. trichothecioides does not develop at a temperature below 2° C. 
No loss from powdery dryrot occurs when the storage house is kept at 
this temperature, or lower. In a dry, well-ventilated storage house losses 
will be very slight at temijeratures from 2° to 4° C. (.15° to 40“ P.). 

(6) Where it is necessary to store seed potatoes in a poorly ventilated 
or improperly cooled storage bouse, the disease may be effectively 
checked by disinfecting the stock, prior to storage, with a solution of 
mercuric chlorid or formaldehyde, provided the disinfecting is done im- 
mediately, or within 24 hours after digging. 



PLATE CVIII 


Fig. I.— A potato tuber infected with powdery dryrot, showing the wrinkled con- 
dition of skin due to the decay of underlying tissues. 

Fig. 2. — A potato tuber infected with powdery dryrot: Advanced stage. Note 
the presence of Fusarium Irichothectoides on the stirface of the decayed portion of the 
tuber. 

Fig. 3. — Section through a potato tuber ii\fect€d with powdery dr>Tot, showing the 
internal cavities filled with the mycelium and the spores of the fungus. 
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